Immunoregulation by cytokines.
The study of cytokine biology relevant to the in vivo (patho)physiology of the immune response is complicated by a series of features inherent to the cytokine system. The present survey focuses on the mechanisms governing the function of cytokines that may give rise to methodological and conceptual problems concerning in vivo manipulations of immunologically relevant cytokines. Special emphasis is laid on the complex interrelation between individual cytokines (cascades, synergy, anergy, pleiotropism, and redundancy), as well as on the mechanisms that guarantee a compartmentalization of cytokines, i.e., a chronological, spatial, cell-type differentiation stage, and activation-dependent restriction of their function. The in vivo effects of cytokines can be studied either by augmenting their concentration or reducing their bioavailability. The advantages of local and systemic cytokine injections, usage of transgenes, or expression as gene products encoded by recombinant viruses are discussed and contrasted with different manipulations provoking cytokine deficiencies, namely the application of cytokine antagonists, neutralizing antibodies and receptor derivates, receptor-targeted cytotoxic drugs, and germ line disruption of cytokine genes. Both types of intervention are afflicted with major problems. Whereas providing an excess of cytokines in vivo, especially at the systemic level, constitutes an essentially non-physiological intervention, the induction of cytokine deficiencies will only unravel essential effects, but is incapable of elucidating the many pleiotropic cytokine effects that, by virtue of the redundancy of the system, compensate for each other.